Rapidly accumulating Holocene sediments in estuaries commonly are difficult to sample and date. In Chesapeake Bay, we obtained sediment cores as much as 20 m in length and used numerous radiocarbon ages measured by accelerator mass spectrometry methods to provide the first detailed chronologies of Holocene sediment accumulation in the bay. Carbon in these sediments is a complex mixture of materials from a variety of sources. Analyses of different components of the sediments show that total organic carbon ages are largely unreliable, because much of the carbon (including coal) has been transported to the bay from upstream sources and is older than sediments in which it was deposited. Mollusk shells (clams, oysters) and foraminifera appear to give reliable results, although reworking and burrowing are potential problems. Analyses of museum specimens collected alive before atmospheric nuclear testing suggest that the standard reservoir correction for marine samples is appropriate for middle to lower Chesapeake Bay. The biogenic carbonate radiocarbon ages are compatible with 210 Pb and 137 Cs data and pollen stratigraphy from the same sites.
INTRODUCTION
Holocene sediments deposited in estuaries offer many potential benefits as archives of paleoenvironmental information. Estuaries tend to act as traps for both fluvial and marine sediment and they typically accumulate sediment rapidly. High sedimentation rates offer great potential for high temporal resolution in proxy reconstructions. Estuaries are also sensitive physical and ecological systems that occur (by definition) at the interface between terrestrial and marine systems. As such, they respond dramatically to both natural climatic and geomorphic changes and to anthropogenic disturbances.
Compared with lacustrine and marine sediments, however, estuarine sediments have been relatively little used for paleoenvironmental reconstructions, especially on centennial to millennial time scales. Many of the problems that hamper paleoenvironmental reconstructions from estuarine sediments are the reverse sides of their advantages. For example, rapid sedimentation can make it difficult for common coring devices to reach the level of sediments deposited before anthropogenic influences. The deposition of sediments at the interface between marine and terrestrial 58 0033-5894/02 environments makes the sediments sensitive to change, but it also makes their interpretation complex. This complexity extends to a wide variety of sediment properties, including most proxies of past conditions, as well as materials for chronological studies. Of particular interest here, multiple sources of carbon in estuaries makes radiocarbon dating of the sediments difficult.
Chesapeake Bay is a classic coastal-plain estuary, the sediments of which represent well the general paleoenvironmental advantages and disadvantages of estuarine sediments. We address the problem of Holocene chronology in Chesapeake Bay by first comparing the radiocarbon ages of several fractions of the same samples and then by analyzing many samples in cores, as much as 20 m long, at each of six sites in the middle portion of the bay. Finally, we combine the radiocarbon ages with 210 Pb and 137 Cs data, pollen stratigraphy, and bulk density measurements to produce detailed age models and mass accumulation histories for selected sites. The age models we derive have two important functions: (1) they serve as the chronologic framework for all other estimates of past environmental conditions, and (2) changes in sediment accumulations rates are themselves indications of environmental conditions, especially for the postEuropean settlement period. These results have broad implications for the use of estuarine sediments as archives of paleoenvironmental conditions wherever thick estuarine sediments occur.
PREVIOUS WORK
For at least two reasons, relatively few radiocarbon ages have been obtained from sediments deposited in Chesapeake Bay. First, sediment accumulation rates are high in much of the bay, commonly more than 1 cm/yr (Officer et al., 1984) . Consequently, sediment accumulation rates for recent times are often better measured using 210 Pb and 137 Cs methods or pollen stratigraphy, and sediments from older periods generally are out of reach of common coring techniques. Second, carbon in Chesapeake Bay sediments occurs in a variety of forms, derived from many different sources, which creates difficulties in obtaining ages for specific sediment horizons. Thus, information on Holocene rates of sediment accumulation for centennial to millennial time scales in the bay previously have been essentially nonexistent.
Many studies have estimated sediment accumulation rates in Chesapeake Bay for the past 100-150 yr using radioisotope methods, especially 210 Pb (e.g., Goldberg et al., 1978; Helz et al., 1981; Officer et al., 1984; Cornwell et al., 1996; Zimmerman and Canuel, 2000) . These studies show some coherent patterns, such as high rates in the upper and lower parts of the bay and lower rates in the middle. Many of the 210 Pb and 137 Cs profiles are complex, reflecting episodic deposition or process complexities on these time scales.
Several workers have carried out pioneering research using pollen stratigraphy linked to historical events for sedimentation chronology in Chesapeake Bay (Brush, 1984 (Brush, , 1986 (Brush, , 1989 Brush and Davis, 1984; Cooper and Brush, 1991, 1993; Cooper, 1995) . Brush et al. (1982) also made direct comparisons between ages estimated by 210 Pb and pollen-stratigraphy methods in the Potomac River estuary, a tributary of Chesapeake Bay. Donoghue (1990) reviewed many of the data related to sediment accumulation rates in the bay up to that date.
Despite this work on the uppermost sediments in the bay, no well-developed age models for Holocene sediments exist because of the general scarcity of radiocarbon determinations and uncertainty about the reliability of bulk organic carbon ages. We know of only three studies in the Chesapeake Bay area in which multiple radiocarbon ages have been determined in individual cores; none of these study sites are located in the open-water mainstem of the bay. The areas studied previously are in the estuarine parts of the Magothy River (Brush, 1986) , the Rhode River (Donoghue, 1990) , and the Potomac River (Glenn, 1984) . A maximum of two dated cores, each with a maximum of three radiocarbon ages, were included in each study. In the latter study, ages based on wood samples were inconsistent with those based on total organic carbon.
METHODS AND DATA

Cores and Samples
Previous cores obtained for scientific purposes in the mainstem of the bay have been limited in length to about 5 m or less. Longer cores or boreholes have been obtained only from the fringing marshes and for the bridge and tunnel borings in the bay (Hack, 1957; Harrison et al., 1964) and other engineering studies. In this study, we obtained and sampled several 4-to 5-m-long piston cores, along with ca. 1-m-long damped piston cores designed to recover the sediment-water interface. We also used a modified Mackereth corer to obtain cores with a composite length of almost 8 m (Table 1 ; Fig. 1 ). In addition, we sampled three of the Calypso cores from the 1999 cruise of the R/V Marion-Dufresne, cores that achieved lengths of as much Table 1 ) and location of modern oyster samples (letters, as in Table 4 ). Bathymetric contours are at 6, 12, 18, 30, 36, and 60 ft. as 20 m (Table 1; Fig. 1 ). Where multiple cores were collected at a single site, we assumed that they contained equivalent sections of sediment. This assumption was tested at sites 4 and 5 by correlating magnetic susceptibility profiles of individual cores (Baucom et al., 2001) . The results indicated that our assumption was valid, except for one of the Mackereth cores, in which a disturbed upper section was identified and corrected for using correlation to a stratigraphically overlapping adjacent core.
We analyzed a variety of sediment fractions by accelerator mass spectrometer (AMS) methods. Macroscopic shells were used when present. The shells mostly comprised relatively small clams (mostly Mulinia lateralis, Macoma balthica, and Mya arenaria). A few gastropod (Anachis obesa) and several specimens of oyster (Crassostrea virginica) shells also were sampled and dated. In addition to bulk organic carbon, we analyzed the total carbon of samples that were prepared for pollen analyses following techniques described in Willard et al. (2000) . Sample splits were also suspended and sieved, and the >63-micron size fraction was handpicked under a binocular microscope for datable material, such as foraminiferal tests, fish scales, and pieces of woody material.
Radiocarbon Analyses
Organic carbon samples were acidified with organic-free HCl and placed in reaction tubes along with 2 g of copper oxide and a 2-by-12-mm strip of silver foil. The tubes were evacuated, flame sealed, and then heated in a muffle furnace at 550
• C for 5 h to convert organic carbon to carbon dioxide. Carbonate samples were cleaned, and where sample size permitted, rinsed with dilute, organic-free HCl. They were converted to carbon dioxide by dissolution in phosphoric acid.
Carbon dioxide from the samples was reduced to elemental graphite over hot iron in the presence of hydrogen (Vogel et al., 1984) . The graphite targets were prepared and analyzed at the NOSAMS facility in Woods Hole (OS numbers in Table 2 ), or they were prepared at the U.S. Geological Survey (WW numbers in Table 2 ) and run at the Lawrence Livermore Accelerator Facility (CAMS numbers in Table 2 ). Ages were calculated according to the methods of Stuiver and Polach (1977) , using measured values of δ 13 C, although in a few cases, δ 13 C vales were assumed ( Table 2 ). Calibrated ages were calculated with the CALIB 4.1 program (Stuiver et al., 1998) , using the terrestrial calibration data set for organic carbon samples and the marine calibration data set (with R = 0) for carbonate samples.
RESULTS
The carbon in Chesapeake Bay sediments comes from a variety of sources (Fig. 2) , only some of which provide carbon of the same age as the sediment in which it was deposited. The two largest carbon fractions of the sediments are microscopic organic matter (both allochthonous and autochthonous) and microto macroscopic biogenic carbonate. Also present are occasional pieces of wood, roots, and miscellaneous allochthonous organic matter. The organic (noncalcareous) carbon in the sediments is a mixture of material contributed to the bay from shoreline erosion, riverborn suspended sediment, organic matter produced in the water column (by algae and other phytoplankton, for example), and windborn organic matter such as pollen. Of these fractions, the material contributed by rivers and shoreline erosion is suspect because of the unknown time between its formation and its final deposition. This fraction may also contain coal from the watershed of the Susquehanna River. Both pollen and autochthonous (produced within the bay, e.g., phytoplankton) organic matter ought to be suitable for radiocarbon dating, but they are difficult to separate from the terrigenous organic matter.
Biogenic carbonate in the bay consists of foraminifera tests and ostracode shells, as well as shells of a variety of macroscopic mollusks, including clams, gastropods, and oysters. All of these taxa are benthic epifauna or infauna. Potential problems for radiocarbon dating include transportation and redeposition, burrowing, and reservoir effects from the water in which the shells formed. We examined the cores for evidence of discrete burrows before taking samples. Deep burrowing by clams whose shells we analyzed is not believed to be a problem in our data, but it is difficult to eliminate as a possibility.
We began our analyses by examining several organic carbon and carbonate fractions of samples from the two 1996 cores (PTMC 3-2 and PRCK 3-2). Comparisons among these different fractions form the basis of our evaluation of potential problems (Baucom et al., 2001) . Depth ranges for these samples is 0-1 cm from the midpoint depth. related to the sources of carbon and our conclusions about the most reliable fraction for age estimates.
Organic Carbon
We analyzed the total organic carbon (TOC) of three samples, the total carbon of three samples that were prepared for pollen analysis, two samples of fish scales, and one sample of wood from the same horizons where small bivalves were collected and analyzed. A comparison of the organic carbon samples with biogenic carbonate samples from the same horizons (Fig. 3) shows that in all cases, the organic carbon samples yielded older ages than the carbonate samples. The difference is surprisingly systematic, amounting to 1500 to 2000 yr for most sample pairs. The similarity between the TOC and the pollen-preparation samples was somewhat unexpected, because the pollen-preparation procedures eliminate fine-grained and labile organic matter. However, this result is consistent with the observation of microscopic particles of coal or charcoal in the pollen-preparation samples. The unexpected result that the fish-scale samples were older than coexisting biogenic carbonate (and presumably older than the
FIG. 3.
Comparison between radiocarbon ages on carbonate and specified organic carbon fractions at the same horizons. One comparison of roots (6820 cal yr B.P.) with carbonate (7370 cal yr B.P.) (Table 2) is off the scale of the plot. enclosing sediment) suggests that the fish scales were reworked before their final deposition.
Biogenic Carbonate
Among the foraminifera found in some intervals in the cores, two genera were commonly represented: Ammonia and Elphidium. Virtually all of the specimens that were handpicked for dating belonged to one of these two genera. Two species of Elphidium were observed: (1) E. selseyense, which is relatively small, yellowish, and shiny; and (2) E. excavatum, which is relatively large and chalky white. Although they have been identified as different species of Elphidium (Ellison and Nichols, 1976) , they might be different ecophenotypes of the same species (Poag, 1978) or even specimens of the same species subjected to different amounts of transportation, reworking, or diagenesis. To test these possibilities, we separated the two groups in each of two samples and analyzed them separately (Table 3 ). The results indicate that the two groups are indistinguishable from each other by radiocarbon content. In fact, the fresher looking (shiny) group (E. selseyense) yielded a slightly older age in one of the two cases. These results support the interpretation that the two groups are either different species or ecophenotypes, rather than the same taxa subjected to different predepositional processes.
In addition to the foraminifera discussed above, biogenic carbonate samples from small clams (mostly Mulinia lateralis, Macoma balthica, and Mya arenaria), oysters (Crassostrea virginica), and gastropods (Anachis obesa) were analyzed. The two gastropod samples, one from the base of core PTMC-3 and one from the base of core PRCK-3, yielded anomalously young ages, at odds with the rest of the ages in the cores ( Table 2 ). The ages of samples of oysters and foraminifera were compared with those of samples of clams from the same horizon (Fig. 4) . Additional comparisons for these materials were generated by interpolating between closely spaced clam shell ages. No systematic differences appear among the fractions of biogenic carbonate (Fig. 4) .
Reservoir Effects
Because biogenic carbonate in Chesapeake Bay is precipitated from seawater, the initial radiocarbon content of the shells is controlled by that of the dissolved inorganic carbon (DIC) pool at the site. Open ocean water typically has a 14 C deficit compared with the atmosphere, constituting a reservoir effect of about 400 yr (Stuiver and Reimer, 1993; Stuiver et al., 1998) . The reservoir correction for Chesapeake Bay may vary from the standard marine reservoir age of 400 yr because of mixing with river water in the estuary. Although oysters probably lived within a few meters of sea level, the other benthic organisms (clams, foraminifera) tend to live deeper, in contact with more marine water that bathes the estuary floor, whereas less dense river water remains near the surface.
To determine the appropriate correction for Chesapeake Bay samples, we analyzed three museum specimens of oysters (Crassostrea virginica) that were collected alive on known dates before atmospheric nuclear testing introduced artificial radiocarbon into the atmosphere and oceans. Radiocarbon ages for these samples are summarized in Table 4 , along with the calculated reservoir effect. The results do not show a relation to distance from the mouth of the bay, and the average of 365 ± 143 yr is not significantly different from the standard marine correction of 400 yr. Consequently, the correction built into the CALIB 4.1 marine calibration set (with R = 0) was used when converting the radiocarbon ages of biogenic carbonate to calibrated or "calendar" ages. However, because of our small sample size (three) and the limited range of salinity variation (about 6-16‰) represented by the samples, more analyses of this type are needed.
The radiocarbon content of DIC in Chesapeake Bay water could also be affected by DIC diffusing from sediment pore water. If pore water DIC is derived from decomposition of recently deposited organic matter, it should have little effect on the radiocarbon content of the DIC of the water column. On the other hand, if there is a strong flux of pore water DIC to the water column, some of this carbon could be derived from deeper, older a Expected age from tree ring data set (Stuiver et al., 1998). organic matter. In addition, a substantial amount of shell carbonate (as much as 50%) can be derived from metabolic carbon in some species, including Mya arenaria (Tanaka et al., 1986) .
Pore water DIC derived from decaying organic matter should have distinctively light δ 13 C values because of the initial composition of TOC and the fractionation involved in diagenesis. Measurements of δ 13 C and 14 C of the water column in Chesapeake Bay suggest that decomposition of suspended organic matter, not sedimentary organic matter, is the major source of DIC (Spiker, 1980) in the water column. δ 13 C values for our carbonate samples mostly are close to zero (Table 2) , although a few samples have δ 13 C values as light as −10.6. Measurements on foraminifera that were not dated also range from 0 to −4 (J. F. Bratton, unpublished data, n = 51). The near-zero values are consistent with minor contribution of DIC from the diagenesis of sedimentary organic matter. Comparison of ages and δ 13 C values of paired fractions of the same samples (Fig. 5) show little relation between the differences in ages and the differences in δ 13 C values among the pairs. Nevertheless, a few samples with light δ 13 C values seem anomalous, including two samples in Fig. 5 and an additional sample (RR98-9, 698 cm, Table 2 ) in which a shell with an δ 13 C value of −4.26 is 550 yr older than woody organic material. So, pore water DIC derived from the   FIG. 5 . Plot of δ 13 C difference against age difference for carbonate sample pairs from the same horizon. For each pair, the isotope value and age of the sample with greater (heavier) δ 13 C value (ranging from −2.18 to 0.70) was subtracted from those of the other sample. Data from Table 2. decomposition of organic matter appears to be a minor contributor to water column DIC and to the carbon in shells of benthic organisms, except possibly for a few samples, which could also be reworked. If old carbon dissolved in pore water makes a minor contribution to the radiocarbon content of benthic shells, either directly or through diagenesis, it would constitute a reservoir effect.
Reworking
Where sample ages form a systematic, monotonic series of increasing age with depth, we infer that reworking of older shells into younger sediments is not a significant problem. In most cases, the shells dated are relatively small, delicate clamshells that show no signs of abrasion or transport. In addition, Mulinia is a relatively short-lived, opportunistic, nonburrowing clam. However, oyster shells and the larger specimens of clams are relatively robust and capable or being transported and preserved intact. In some cases (Table 2) , clam shell fragments were the only material available, and dating them increased the possibility of anomalously old ages. Reworking may be responsible for some of the scatter in ages in some cores (Fig. 6) , especially in shallow-water, high-energy sites, although there is no simple relation to water depth. For example, site 5, in relatively shallow water, has little scatter in ages; this site was in a sheltered tributary channel until the channel was filled. Site 3 is in relatively deep water but has a large scatter in ages, possibly due to sediment mass movement on the edge of a channel. A few samples gave ages that are much older than those nearby and are thus clearly invalid (Fig. 6, sites 1 and 4) . We infer that these anomalously old ages are due to shells that were transported and deposited with sediments younger than those in which the shells originally formed.
Conclusions Regarding Reliability of Ages
From the comparisons discussed above, we conclude that biogenic carbonate (clam shells and oysters shells and foraminiferal tests) provide the most reliable material for radiocarbon dating of Chesapeake Bay sediments. Some age uncertainties remain due to possible reworking of shell material and reservoir effects for samples in the bay. However, our results suggest that the standard open-ocean reservoir correction is approximately correct for these samples and that most cases of reworking can Table 2 . Samples labeled wood include macroscopic wood, roots, and seeds. R = samples suspected of being reworked. be recognized. The results for samples of biogenic carbonate from each of the core sites are shown in Fig. 6 . In some cases, wood produces apparently reliable ages, although the problem of transportation and redeposition is always a concern.
AGE MODELS FOR SELECTED SITES
The various reliability tests that were performed on the samples give us some confidence in using our results, combined with other age information, to construct age models for the sediments at selected core sites. We focus on the three sites with the longest records, two deep-water sites (1 and 6) from the axial channel of the bay and one (site 5) from a filled tributary channel. For each of these sites, the radiocarbon ages on carbonate were combined with radioisotope data ( 210 Pb and (or) 137 Cs) and pollen stratigraphic data. In all cases, the radioisotope and pollen data were compatible with the radiocarbon data on shells.
The 210 Pb and 137 Cs data for site 1 are from C. W. Holmes (in Cronin et al., 1999) and that for sites 5 and 6 is from Zimmerman (2000) . Interpretation of 210 Pb and 137 Cs profiles in terms of detailed chronology is extremely complex (Robbins and Edgington, 1975; Oldfield and Appleby, 1984; Officer et al., 1984) Cs distributions are relatively small, certainly smaller than the errors associated with a radiocarbon age.
Pollen stratigraphy and its relation to historical events have been used extensively in Chesapeake Bay (Brush, 1984 (Brush, , 1986 (Brush, , 1989 Brush and Davis, 1984; Cooper and Brush, 1991, 1993; Cooper, 1995; Cronin et al., 2000; Willard et al., 2000) . Several events are identifiable in the record, but the most prominent is the rapid rise of Ambrosia (ragweed) pollen that accompanied land clearance for agriculture. This event occurred over a period of time, slightly different in different areas surrounding the bay. Rapid clearance of land began in the area in about 1780 (Brush, 1984) and peaked between 1840 and 1850 (Brush, 1989) . We use a date of 1800 A.D. ± 40 for the beginning of the rapid increase in Ambrosia pollen in our cores.
To eliminate the effects of compaction on sediment accumulation rates, we measured the water content of the sediments and converted volumes (thicknesses per unit area) to masses. All water contents for our cores are tabulated in Baucom et al. (2001) , and example data for site 6 are shown in Fig. 7 . Assuming a solid particle density of 2.6 g/cm 3 and water density of 1.0 g/cm 3 (no correction for salt content), depth was converted to cumulative overlying sediment mass. Age was then plotted as a function of cumulative mass. Finally, a model curve was fit to the age-cumulative mass data using a locally weighted, least -FIG. 8 . Plot of radiocarbon and other age information against cumulative mass for the upper parts of the sections at sites 1, 5, and 6. Equivalent depths are on the right-hand ordinate. Solid curve is a local least-squares best fit to the data, excluding queried points (see text); dashed line is a two-line fit to the data. The time between 1950 A.D. and analysis of the samples has been added to the calibrated radiocarbon ages to make them compatible with the other data, hence they are not referenced as "B.P." squares best fit method with smoothing factors of 0.33 to 0.50 (Fig. 8) . Shell ages that appeared anomalously old, probably due to reworking as discussed previously, are indicated by question marks in Figure 8 and were not included in the model fit.
DISCUSSION
The data presented here provide the chronological framework for reconstructions of Holocene environmental conditions in the bay. These include salinity reconstructions in which changes are inferred to relate to climatically driven precipitation-streamflow changes (Cronin et al., 2000) .
In the longer cores, mass accumulation rates were relatively constant through much of the Holocene, at least for the fine-grained, open-estuarine deposits that overlie the basal, fluvial to restricted-estuarine units. The basal sediments commonly exhibit somewhat irregular ages, probably due either to irregular deposition and erosion or to reworking of the sediments and their shells.
Rates of sediment accumulation in Chesapeake Bay are spatially quite variable (Colman et al., 1992) . In a transverse direction, much of this variability is related to water depth and depositional environment, ranging from shallow-water, relatively high-energy nearshore environments to broad, moderate-depth shelves, to the relatively deep, partially filled paleochannels. Complicated wind-and tide-driven currents superimpose additional complexity on this pattern. The lowest overall variability in accumulation rates might be expected in the axial channel of the bay, yet the paleochannel varies from nearly empty to completely full of Holocene sediment (Colman et al., 1992) . To compare sedimentation rates before and after agricultural land clearance, we calculated rates of accumulation (both mass and thickness) before and after about 1800. Two straight lines were fit to the cumulative mass data, as shown in Fig. 8 for sites 1 and 6, and the same data were converted to depths to calculate sedimentation rates. These comparison reveal that two of the core sites show an increase in mass accumulation rate in their upper parts, whereas two others show a decrease in their youngest part and one shows little change compared with older sediments (Table 5) . We infer that in many cases, changes in accumulation rate depend on local depositional environment, which is affected by water depth, sediment sources, and storm and tidal currents. An interesting example is provided by site 5 (Fig. 8) , which is located in a filled tributary paleochannel in a present water depth of 7.9 m. The uppermost sediments at this site are coarser grained and accumulated more slowly than those below (Fig. 8) . We infer that as the paleochannel filled relatively rapidly, the environment at the site became similar to that of the shallower water, higher energy, coarser grained sediments flanking the channel.
Many previous studies (references in Donoghue, 1990; Brush, 1989; Cooper and Brush, 1991, 1993; Cooper, 1995) have suggested that sediment accumulation rates in the bay increased during the last few hundred years, largely due to human settlement and land clearance. It has also been suggested that an increase in the rate of sea-level rise in the last few hundred years may have controlled accumulation rate (Donoghue, 1990) . Our two sites from the axial channel of the bay (sites 1 and 6) each show a distinct increase in mass accumulation rate in the last 200-300 yr (Table 5 ; Fig. 8 ). We have modeled this change as a gradual transition, but two linear segments fit the data nearly as well (Fig. 8) . The linear segments shown for sites 1 and 6 indicate about a fourfold (3.6 and 4.2) increase in mass accumulation rate in each case. The contrast in sedimentation rates before and after 1800 A.D. is even larger (Table 5 ).
Our two sites in the axial channel of the bay (sites 1 and 6) are 95 km apart and differ in average rate of mass accumulation by a factor of two. They maintain this ratio throughout their history, even as each shows an increase in rate of accumulation by a factor of four in the last 200 yr. The consistency of this fourfold increase between two sites in the simplest depositional setting, but which still differ in rate by a factor of two, strongly suggests that the fourfold increase in mass accumulation rate represents a large-scale (baywide) phenomenon. Although causality is difficult to prove, the change in mass accumulation rate is coincident with the history of land clearance and is plausibly related to it.
CONCLUSIONS
Two new advances have yielded the first long, well-dated Holocene sediment sequences from Chesapeake Bay: (1) long cores, several between 7 and 21 m long, which penetrate sediments older than a few hundred years in this high deposition rate environment; and (2) multiple AMS radiocarbon ages, which have allowed us to identify sediment components that yield reliable ages and to develop a sequence of ages in each core.
Biogenic carbonate (foraminiferal tests and mollusk shells) appears to be the most reliable sediment fraction for radiocarbon dating, although occasional cases of reworking of shells are apparent. Analyses of shells of oysters collected alive before 1950 suggest that the standard marine reservoir correction of about 400 yr is appropriate for the middle part of Chesapeake Bay.
Comparison of rates of accumulation among sites indicates large spatial variability of sedimentation rates in the bay, especially in relatively shallow-water environments. Two deepwater, axial-channel sites differ in rates of accumulation by a factor of two, but each shows a fourfold increase in the last 200-300 yr. This increase coincides with the increase in agriculture and land clearing in the watershed.
These results have several broad implications for estuarine studies. They form the chronological framework for a variety of paleoenvironmental reconstruction efforts in Chesapeake Bay using biological and geochemical proxies. In particular, our age models allow the calculation of fluxes, rather than just concentrations, of many constituents of the sediments through time. Development of these chronological and paleoenvironmental methods, in turn, contribute to the use of estuarine sequences in general as paleoenvironmental records.
